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We synthesized lithiom-quinolaie complexes, 8-hydroxyquinolinolatolithium (Liq) and 
2-metiiyl'^hydiTixyquinolinolafcolithiuzn (LiMeq), or emitter and electron injectioD/traiifipOTt 
materials to be used in conventional two-layer organic light-emitting diotks in combination 
with //^'-bistp-m^oxyphenyD-T/^'-diphenylbeniidiBe (DMeOTPD) aa hole transport 
material (HTU. The lithixun complexes were also examined as interface materials in 
combination with S-hydrcxyquinalinolata-AKlH) (Alqa) as emitter material. The device 
eOIcicncy with these complexes was optimized by combinatorial methods. We also compared 
the electron injection, transport, and emission properties of Li cornplexca with the well- 
known emitter Alq^ in the same experiment by taking advantage of the combinatorial 
approach. ThA li quinolatea are found to be efficient emitter molecules. But the efficiencies 
of hthium quinolata devices are lower than that of Alq} devices. Contrary to the Alqs emission, 
the Id quinolates exhibit a bathodiromic shift ot emission compared to the reopcctive 
photoluminescence spectra. No clear evidence of exdplex foroiation waa seen by comparing 
the photoluminescence spectmm of an equimolar auxture of Li quinolate and DMeOTPD 
with the observed electroluminescence spectnim. However, the lithium complexes increase 
the efRciency of an optimized indium^tin oxide (ETOyDMeOTPD/Alqa/Al devica ccnsiderahly 
when Qsed as a thin interface layer between Alqs and aluminnm. The improvement of device 
characteristics with lithium qiiinolates is similar to that obtained with LiF salt. 



Intz^txiue tion 

The intensively studied organic H^^t emitting diode 
COL£D) structure consists of a transparent indium-tin 
oxide (ITO) anode, one or more organic layers that fulfill 
the functions of balanced charge ii^jection, transport, 
and omission, and an aluminum cathode for electron 
inicction. Thft high work functioa of aluminum makes 
it difficult for the low-voltage electrolunune&cence (EIL) 
applications, though it is a well-known contact material 
exhibiting good carrosion rasistance in silicon integrated 
circuits. Due to this fact it is necessary to improve the 
electron ii\jectioa from the aluminum cathode into the 
organic layer by interface modification.*"* Hung et al.^ 
used a bilayer of Al/LoF aa interface to improve the 
electron injection and to enhance the clectroluiuinea- 
cence efficieocy. The use of Li metal/as interfax^e 
between aluminum and the organic layer to lower the 
driving voltage is also reported.*'** IQdo at al.^-' have 
demonstrated that modification of the Alqs/AI interface 
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With either elementary lithium or a lithium compound 
is caused by elementary doping resulting in tho creation 
of quinolate radical anion, which favors electron injec- 
tion." 

This leads to the question whether the properties of 
improved electron injection and good electrolumineB- 
cence efHcientry can be realized together in a Li - 
qinnolate compler Additionally, the effect of lithium- 
quinolate complexes as interface materials and the 
comparison with the dielectric LiF is also worth exaori- 
nation. V^ith this idea in mind, we synthesized 8-hy< 
dzT3>^q[uinolmolatoIithium (liq) and 2-methyl-6-hydroxy' 
quinolinolatolithium (LiMeq) a& emitter and interface 
material to he used in ccaaventiontJ two-layer OLED 
with A^^'-bis(p-methaxyphenyl l-W^-diphenylhe n-A - 
dine (DMeOTPD) as hole transport material (HTL). 
Kido et aL^ have reported the use of Liq as Interface 
material in a TPD/Alqi device eariler. But the emission 
properties of these complexes and a systematic com- 
parison vrith Alqj have not yet been reportod to the best 
of our kiiawledg«. The device efficiency with these 
complexes wax optimized by combinatorial methods 
developed by us and was demonstrated to be elEcient 
and fast in optimization and screening of materials in 
OLEDs.^** Furthermore, we compared the electron 
injection, transport, and coiiasion properties of Li 
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jjt},uun-<i>»nol^ CompUx^ in Orsanic LED* 
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Table 1. Absorption, Fliiore«ccac«, Cy«U« Voltam metrT t 
m d Tb^rtaal D»ta of liq, LIMog, Ali^i, and DMoOTFD 

aha PL" HOMO^ lUMO* T-t^ 
cpmpoufkl (nm) (nip) (eV) (eV) 

Tki 259. 3€5 485 -5.58 -3,15 360" 

liMoq 359.365 433 -5.49 -3.21 324 

Abj 410 520 -5.62 -2.58 

DMeO-TPD 360 433(415) -S.06 >-2.4 

* Photdltzmm^scejace enuesioa maxunum wiveUngth. * From 
CY in acetoaitrJc n Ag^AgtfOa, mtb fenoceiie CFc) as interoal 
standard. « Ten^raUire for 6% vreigbi loas from TQA. 

efficiency due to a doping dFect or only due to an 
interface modificatioa 

Synthesis. The synthetic scheme of preparation of 
the complexes Llq and liMeq is shown in Figure 1. The 
detaila of aynthesis are giYen in the Ezpedmenta} 
Section. Kido and co-workers^ have mentiox^ the 
flynthesifi of TJq from melal faydroxido and Ugand 
without giving any details erf" procedure. Our attempt 
to prepare the cumploxes starting from liOH and ligand 
in ethanol resulted in coordination of EtOH in the 
product. We also tried an ahemative synthesis starting 
from n-buthylUthium and hgand infffi", which also did 
not lead to the desired products. The synthesis in highly 
dried methylene chloride led to blue-green fluorescing 
quiaoiinolatoHthinm complexes. The exact stracture of 
the complexes can be atadied only by looking into the 
crystal structUT«i for the/jo complexes take up water of 
crystallization depending on the conditioas of syn&esia 
and drying. In oomparison to the classical lithium 
comptexe&. it can be aasumed that lithium also forma 
complexes with possible structures such aa [Liq2]ili- 
(HiOy . The maaa apectrometiic onaly^ia indicates the 
presence of fragmenta accounting for this stnictm-e. 
Ailcr diying, the mass apectroscopy azu^ysia of Liq 
ahows the peaka correspondizig to firagmaEOte [tiq^lCLi] 
(mtz = 302) and Liq imiz = 151) and that of LiMeq 
shows the pcalLS corresponding to fragments [UMeqxl- 
[li] (jnlz = 330) and LiMeq (m/z = 165) without any 
remaining water. The complexes ahow different elemen- 
tal composition depending upon the degree of drying. A 
correct CHN analysis for iuUy dried conqilexes could not 
be obtained due to the high hygroscopic nature of the 
complexes. For practical purpose of dx«cu6fxon, we 
denote the synthesized compounds as Uq and LiMeq, 
respectively. 

Optical, EHectrochenucal, and Tliennal Proper- 
ties. The absorption, fluorescence, and thermal proper- 
ties of the complexes are sununarized in Table 1. The 
thermal properties of the complexes were studied tfy 
thcrmogravimetric analysis (TGA). The liq and UMeq 
complexes as synthesized show 5% weight loas at 180 
and 160 respectively. The TGA curves show hints 
about the elimination of water of crystallizatiun^ and 
therefore the complexes were purified by drying at 200 

in high vacuum. As a result, tlie thennal stability of 
the complexes increases but without any change in 
absorption spectra. The photolununescence spectra of 
the complexes were measured In film ot}Cained by vapor 
deposition of the ccypapounds after drying at 200 °C in 
high vacuum. Both Liq and LiMeq show absorption 
maximum at about 260 nm aad omission marimum at 
485 nm. On comparison to Alqa, the PL emission in 
lithium complexes is shifted to the blue region. The 
electrochemical stability and redox properties of the 



complexes were studied by cyclic voltanrnietry. The 
redox potentaals were measured ot room temperature 
against Ag/AgNOa reference electrode and calibrated 
against fen'ocene (Fc). Liq exhxbila an oxidation at 0.84 
V vs Ag/AgNOs (0.78 vs Fc) and a reduction at -1.59 V 
(-1.65 vs FcX Assuming -4,8 eV as the highest occupied 
molecular orbital (HOMO) energy level for the Fc," the 
HOMO and lowest uxuxcupied molecular orbital (LUMO) 
values for Liq are -5.58 and -3.15 eV, respectively. In 
a aimilar way the HOMO and LUMO values for LiMeq 
were detected as -5.49 eV (E« = 0.6& V vb Fc) and 
-3.21 eV {Er^ - -1.59 V vs Fc), respectively. Tho 
oxidation is found to be irreversible whereas the reduc- 
tion is reversible under our measuring conditions and 
scan rate &om 50 to 500 mV/a. Thus, lithium complexes 
can be expected to have good electron injection proper- 
ties due to these low reduction potentials. We ot>served 
a difference between the electrochemical band gap 
energy, £ g^ec) and the optical band gap, E^^^ in the case 
of Kthiom oomplexea. The which is the difference 
between HOMO and LUMO energy values obtained 
from CV, is comparable with the E^sa^\ if only the 
molecular species involved in electrochemistry and 
absorption are the same. In the case of Alqs this is the 
case and we observe a clear agreement between the 
measured (3.04 eV =! 403 nm) and Egcopo (3 02 eV 
s 410 run). Li the case of Liq and LiMeq the actual 
molecular species are [LiqJ'CLil'*' and tLiMeq^J'tLi]"^, 
respectively. These compounds show the oxidation and 
reduction d[ the different ionic spedes present in the 
molecule and therefore the calculated from these 
complexes are diffexent frxm the E^opt)- 'Hie band gap 
energy of Liq and LiMoq should be taken from the 
ahAorption spectra and it corresponds to 365 mn s 3.40 
eV. 

OLEDa withLithiiua Complexes aa Emitters* In 
a first experiment the electron injociioa/transport and 
emission properties of the complexes were studied in 
detail hy t«irtf* Hthiu^ eomplejcea as emitter compounds 
in OLEDs. Tlic lithium complexes were tested and 
compared with Alqs in two-layer devices with the 
configuration ITO/DMeOTPiyiiq or LiMeq or Alq^Al 
as described In the Experimental Section. In this way. 
Ltq, LiMeq, and Alqs devices with the same IhickneisS 
of DMeOTPD and different emitter layer thicknesees 
were prepared in oae single experiment under same 
oonditians. Thia enables us to optimtsa the power 
efficiency, photometric efBdency, and current-voltage 
characteristics for each emitter material and to compare 
their properties. As an example, the thickness optimiza- 
tion and the dependence of efigcioicy on the thickness 
of the Llq layer will bo described in detaiL Figure 3 
shows the characteristics of 10 different devices with 
Liq thickness varying from 44 to 128 nm. Aa expected, 
tha-e is an optimum thickness of Liq for maximum 
efilciency and luminance for a constant layer thickness 
of DMeOTPD.s The efficiency of the devices with Liq 
thickness between 56 and 96 run is considerably high 
and a maximum efficiency of L46 cd/A (at 31 mA/cm^) 

attained for a device with Llq thickness of 86 nm 
(FiguTe 3b). The same device shows a maximum lumi- 
nance of 164^ cd^a' at 193 mA/cm^. A similar behavior 



Ui) Bud, A. 3^ FfiaUaor. L. B. SUetncfumiua idethodx 



4 



^ium -QairvfUiU Comi>texc$ in Organic LEDs 




0.8 1-2 
Field |MV/cml 



b) ^ -fi 




Cuxreni density [ffiA/cm*) 
DMeOTPD (50 m^J "^^rfii^l (T)7?in:<D) 86a«. 



nLerved A maMiBum power effiaeacy oC0,08 cdW (at 
?r.Xn*) was achieved for the same device 'nth 86 

Sr to Oie dependeuce of the photomctn. elfic^n^ 

bads to an increase in onset voltage. The insetin ngure 

3a reveals «his clearly. 
In the rase of LiMcq de%'ice3 (not ihown), the device 
•lu 7« ^ T iMeo shows the maximum photometric 

«r.th 76 nn-LlMeq Shows m jn,«mum 

luminance »^ ^f'^'^J^.L voltage for this device 

metric eRiaency <>^^l'f^^^^^^ „pU„um device 
with 66 nm Alq, "j^^iency of 0.37 cdAV Ut 9 

exhibit* a of 3 V 10.24 MV/cm) for 

'^^.r'V'^'^ZTXe^l ,„b.y good U.kine 
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• „r thA dt'vice diaractcristics for the three 

stK or the three optimized dcvic« arc <^-^'-J,;" 
Reurc 4 It U obvious Uwt the complexes Uq ''^}^^^^ 

I«d -2 58cV respectively. The electron mject«>n from 
Lli"m 1 thTemitL should be^jcre' t 
order of minimum barncr energy. According to U e 
„ Sured LUMO values, the electron J 
Seclrier into UMeq and Liq than .nu, Aid*- JH^ « m 
contrast to the observed on^t values f«' ^J 'f 
tBine the three complexes as era.ttar. In hUraturc lUs 
Sbed iS^Tthe actual electron injecUon .s favored 
JrSSvJS according to the interface ener^ lev^^ 
li&caUoahet.vcencathodenndemitter." *Sekjand 
l^o Aers" have obsenred different energy level modi- 
Sot t i^Alq,. Al/LiF. and AlAiFMiqa .n-rfa- 
Moreover, they found that the "J^^;/^, 

aluminum induces an extra ««f-Pl!^^.**^^,2S„ b^ 
HOMO, suggesling a slrong chemical interaction 
r A» and Alaf and also that the uiserUon of UF 

minum-BntitcanDesupposBu j 
level modification in AVAJ<i, ahouia »f "''^ 
AlA.iq and AlAiMeq intarfac.a to «plain the brtUr 
riectron injection at tha Al/Alq, mterface. Add'tJonaUy . 
Sf^^U J^nra may be complicoced through po^iWc 
r'eacHons and mterdiffu^on eff^^^^^^^^ 
metal complex'HTL interface which may be enUrciy 
different for Li quinolatafi and Alq». 

•n.e EL spectra of lithium quinolate devnees are blu^ 
shifted com'^^to_that^-n^^^^^^ 



shifted compared to inav ^ -^^ 

ccordinate.forthem<«teJ.cei-.U^^^^^^^^^^ 

Tr^l^^Uv^ly wh;r°e^ltforAlq,u..foi.^^^ 
: ' -omT^ 0.559. The electroluminescence tL) 

correfiponding PL ^pec^ra *>i > i-^^^ ^^^^ 

-7^^^:^rii:;i^n«. k.-. ru,. E., K. M'^. >'• 

" ju, Mnri. T.; Fuiilawa. H.; Totu.... S. Ta«.. Y. T'..- 
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ihickiiess. To uaderaiaiid the orirn of the EL ipectra 
and the emitthv tpedM m Uq tnd UMeq ^oae, tfao 

PL Bpcdra of vr j»r-depo»ite4 Glma of EMeOTTO and 
liq Of liUeq (bote complexes ojtor dxyxog at 200 *G) 
were compaxcdtvith the cmeepondittfSL ipec^ 
PL Bpectra of Xiq and UBCeq U8 KimilKr with R 
486 am, whereas both the devkea ttzHbit £L spectra 
YfiiLXmu oif about 495 mn and a ahouJdar at 416 nm. It 
cm btt condtided that the EL eniaiua {vaxgi the 
shoulder at 415 nm) doos not origiMte from DMeOTPD, 
for it baa PL X^mx vaiuM of 4 14 and 433 nm. 'fta rod 
ehift in EL spectra of about 10 nm compared to the 
raapectiYe PL spednim of the wniilar may be due to 
the fcnnatkm of eid^tex at the HTiyBmltter 
. Sblfota and co-wcrkwrH^* have observed tfw fon nation 
of exdplei at hole traneport (HTTjycmlttcr (fiM) inter- 
face in devices by using on HTL with loi^r fladdatian 
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500 

rtemC. (>imp«rlM0f ^tat4^hlmHlM<Mt^ 
trtAttmiaMtmcm (EL) nednc (-) PL of vapor-dapodted lie 
(dried at 300 •C fa HV) film; 1-) PL of 1:1 mirtort of 
BMoCmr) «ftd Uqln Wn^ (' - O fiL rfdtvkaTTO/DMtOn'D 

(60 nmyUq (53 unVA]. 

potential bk« m-MTD ATA and an emitter Akto» respee- 
titely. Tke fi)nnation efexd|ilex between DMeOTPD 
and Liq or LiMsq may be hvortd by the low LOMO 
▼aloea of these eodtterB ind the low oxidatiDn potantiai 
of DMeCyrPD (aeeTabte 11. Alqa has com|«afcWe^ a 
high LUMO value and there&re no ezdptes fitnnAtuni 
» dbeervcd viUw iotrr&ca DMeOTFiyAiiu. Tbbbeerro 
M exdpl€x «>m«iim frum imiALij,, A much lowor 
oxidation potential for the HTL la requirsd and it is 
reportad in tha caac cf m-MTDATA. In the dwe of 
odplex fbrmatkm between HTL and EM. the SL 
ipedra ahould be hi «^ egreemeok with PL ipectrm 
of an eifuimoCar mixtore of HTL and EM. To examine 
audi m poaaMity in our case, wo compared the PL 
amiaaloa of n fihn prepared torn a 1;1 ntixtoxe c£Iiq 
•Ad ra&aOTPD wi^ th« EL spectra of the dovioo VCOf 
DMeOTPD (60 mnyUq (66 wnVAl (see Figure 5), The 
PL ;U« of the mixture Is tt 476 nm with a ihoolder at 

410 nm. 

This tadicatas that the EL endssum at 495 nm Iks 
wan cksdy to the PL spectra of the vapo^depnited 
film of pore lithium complex than to that of du 1:1 
mixture. Ihua, wp do not obserw any dear evidence for 
tha ezzaplox emiaskm. Tlte spectral dtfiEbrsnces between 
PL and EL can also cc^ be ascribod to b microcavity 
dS«± du* to vstrylng thidowwsM of the or)ffanic isym, 
for tfaa EL apectrum remains the same for all tfakk- 
nesses of lithium compta. The bbseoTred shoulder at 415 
the EL ©misaba may be attributad to tho omtan 
formation in HTL fit tha Interfece, Thia arisoa Ijy 
prastbie Intenayer dlOUalon of immna qulnoUtes into 
HTL, twulting in an irxroaco of the interface regx)n- 
Th& initfflayor diSuaww can be atudied by X-ray pHo- 
toWocfcron sptotrowjopy OCPS or ESCA), which U undor 

consideration. 
Ltthhw-4niiM>lnte Iiiteffl^ Layers in OI^Ds, 

In A second eipwriment the effect of Liq and UMeo as 
interface layorB botw^n Alq3 and aluminum in ITO/ 
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DMeOWIVAlq^Al devices was examined. Similar lo (he 
5rat expcrimeat, three predeaned ITO substrates were 
aunultaneously coated with a constant layer thickness 
of 50 nm of DMeOTPD. In a accond step, two of the 
substrates were deposited with 60 nm of Alqa layer and 
the third auhatrate with a gp^rfient of 0-80 nm of Al<ta. 
T%o latlAr device givea i nformation about the optimized 
DMeOTPD/Alqj device with optimoim Alqj thickness 
(see Figure 2a for the device configuration). Finally, the 
two substrates with constant thickness of Alq3 layer 
were deposited with gradioits CO-40 nm) of and 
LiMcq, respectively, after leaving 10 mm bmari sector. 
This area is to be used for die preparation of a reference 
two-layer device, rrO/DMeOlPD (60 luaVAlqa (60 omV 
Al without any interface modification (see Figure 2b). 
In this way, comparable ITO/DMeOTPD/Alqa/Al devices 
with and without an interface layer were prepared 
study the effect of an additional interface layer and to 
compare with the efficiency of an optimized two-layer 
device. 

The efTidency plots of luminance vs current denaity 
for Lhe reference two-layer device ITO/DMoOTPD (50 
nm)/Alq3 (60 nmVAl compared with those for devicea 
with difforent thicknesses of additional Liq or LiMcq 
iuUrfaco layer show that only very thin interface layer 
improves the device characteristics (not shown}. In the 
case of Liq. an interface layer of 0.6 nm improvc3 the 
maximum luminuacc to 6922 cd/m^ (at 322 mAyciii^) 



compared to the reference two-layer device which ex- 
hibits majdmum luminance of 3400 cd/m^ at 320 mM 
cmh- In a similar way, a I.I nm thick liMcq interGiM 
layer lead* to an improvement of the maximum lumi- 
nance to 970(1 cd/m^ (at iU mA/cm^). In terms of 
photometric efficiency at 100 mA/cm^ the improvenients 
with thin liq or LiMeq interface layers are ZU and 
2.35 cd/A, respectively, compared to the tsvo-layer device 
with an efficiency of 1.39 cd^A. 

WiUiin the wune experiment the substrate with Alqa 
thickness gradient from 0 to 80 nm on top of 50 nm 
DMeOTPD revealed that im'DMeOTPD (50 nmj/Alqa 
(71 mn)/Al was the most efficient device. To compare 
the effect of a»i additional Liq or LiMeq interface layer 
in a two'laycr IT0/DMc(yrPD/Aiq3/Al device with that 
of the optimiiod two-layer device with optimum layer 
thickness of 71 nm Alqa, the characteristics of the 
following devices are compared in Figure C: device 1. 
ITO/DMeOTPD (50 nm)/A3q3 (60 nm)/Al [reference 
device); devia- 2, TTCVDMeCyrPD (50 nmVAlqj (60 nroV 
Uq (0.6 nmVAl; device 3. ITCVDMeOTPD (50 nmJ/AJqa 
(€0 nm)/LiMcq (l.t am)/Al; and device 4. ITO/DMeOT- 
PD (50 nmVAlqa (71 nmVAl [optimized device). 

Figure Ba shows that the efficiency of the reference 
device (dcnci^ 1) is similar to that of the optimized 
device 4 with an optimum thickness of Alqs layer of 71 
nm. The maximum photometric efiScicncies of devices 
1 and 4 are 1.39 cd/A(at 100 mA/cm*) and 1.G5 cd/A (at 
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100 mA/cm^i, respectively. Both devices 2 and 3 with 
very thin additional Uq or LiMeq kyera show a 
considerable improvement in photometric efficiency with 
corresponding values of 2.44 cd/A (at 100 mA/cm*) and 
2.30 cd/A (at 100 inA/cm') respectively (sec Figure 6c) 
A similar improvement in power eCBcioncy c«a be 
obwsrved for devices with interface modification («e 
Rguxu M). Purthcr. then ia a slight Improvement in 
the onact voltages for devices 2 and 3 compared to both 
of the two-layer devices 1 and 4 (Fieurc 6b) The 
improvement in device characteristics observed hero is 
m close agreement with the resulta djtained by Edo 
and co-workers.* who used various alkaline metal 
complexes as interface laycre in a TPD/Alq, device 
l-hese authors aaaume that a central metal ion in these 
meu eomplwes is reduced to Jhe low work funcUon 
metal by the reaction between the complexes and 
thenaally acfavat^d aluminum, which leads to the 
formation of a S-hydrnxyquinoUto radical anion at the 
mUrface. resdiine in improvement of eloctron injection 
mna aluminum cathode. 

Comparison of Uthium Cottpi««s with UF «a 

SSl^H^iS!?*^ -n* use of a bUayer consisting of 
ultrathin djelectric layers of LiP. MgO. etc.. between 
Alq, and aluminum is also found to improve device 
charactenstics considerably, whereas a dielectric like 
^^j'l^ISflf.*^ characteristics of highly opti- 
iBi«d TPD/Al^ devices.' Hung et al.» attribute Ae 
l^rovoments m.devias characteristics to band bending 
or Hie crgame layer in conUct with the dielectric Thia 
argumentcannptexplain the eflectof the GeO, interface 
kyer. To examine and Undentand the real reason for 
derica mprovement doe to dieledries or with lithJum- 
?auiolate complexes as inteAce layer, we prepared 
of devices with the followiig rt^cSuS 

tZ^ ""^^ rrO/DMeOTPD (40 

e"**^"*^ (0-30 and 

gradiaat (0-30 amVAl. W. compa«d the device ch«. 
!^«jrtc8 with the two-Uyerl^drerence device TKU 
DMeOTPD (40 luaVAlq, (65 nmV AI in 0^0 0^0 
«penmenL The devices A. B. sad C have th« catJu- 
ration as shown in Figure 2b. In aU three devices KB, 
and C the nuolmum improvement in efficiency and 

?Z in^^^x^r*?""^*^ d«P««ti«« a tHin layer 
(about 0.4 am) of the interface layer independent of the 

rhfll^ - 4 • '^^''"'^ '»^tcri^ In all cases, the device 
charactenstics are worsened if ihe thickness of the 
intarface Liyer is greater than ,bout L5 nm. Rgun: 7 
depicts the COrrent-voltage and lamina.>ce~current 
d^sity plob. Of the devices A, B. and C with 0.4 nm of 
difforait interface layers and the two-layer reference 

cm2 K I ^r!,"^ density of 100 mA/ 

^uirT « interface layer the 

nTf.rl^^" decreased in the order Liq (14 V) 

out^t H U "'"^ -The Sight 

output 13 directly proportional the injected cwcnt 
and Uje slope of the curves in Figure 7b, which repreaent 
tlio k.L efliciency unprovementa in the some order as 
onset voltage. The EL output for the devSt J 
C for an injected current of 100 niA/cn,^ is approxi- 
mately the same (1800 cd/m') compared to the reference 
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Currant danslty(fnAAan*J 

J^iw *^ 960 cd^»- corxeapondiag photometric 
effiaencies are 2.0 and 1.0 ed/A, r«.peelively. 

The observed impiwrement in devices A, B, and C is 
^h^^r^ " ^^I^odeat of the chemical 
nature of the interCace material, and in aO these three 
rase, the central atom is a low woric function metal like 
irthiwn. JTua means that the mectianism of interface 
modification seams to be the same for an organic 
electron uyecfaon/iransport material l^e Uthium- 
qumolate complex as well a. for a diclecbHc LiP LOf is 
a superior msulaling material with a very hiffh bond 

comptexes have band gap energies of about 3.4 eV and 
LUMO values of about -3.2 eV. Tht concept of tumiel- 
u^^BU«ect,on throughathin dielectric camiol h« applied 
^ oxpku. the improvement of device characteristics 
, ^^^^ electronically different interf-acc 

Oe^ as mterface layer as reported oarlier.i A common 
Characteristic for the interface material, such as MgO. 

^£i^r2;,f ^"^"^ 'I*/' "^'^'^ «<»m is an 
clTti^ 1 °* "'^^ ^''"^ ™<=*-' whereas in 
aW ? v"*^' G« ^ » Wgh work funcUon of 
mXi!l h , °f the interface 
f!^ ^ thermally activated almnlnum leading 

T?^..^ as U and Mg in the foniier 
put forward by Kido and co-workem^J explains suHs- 



- ^-^uiMlal? Co^pi^xes in Oq^anic LEDs 

*-*/rfily ^ obftcrvwi device Improverocnla with UF. 
J^qJ^ tithlum ownpleK«. It also expiaiiw the iiopo5- 
^Ktf of lb« fomAtion of ^ermoniuni aieial and thui 
'P?*'?^ -ffoct in tht Imtlor cou. But filak^ and CO- 



o^jping » w '™ — ' 

eJiown that the injcciioii b»Trier hi the 
^^^interface is conBiderably modified by a ahift of 
T?^um lero anergy level due to variou» interface 
zLrs. Therefore, it ib worthwhile to examine the exact 
r^^<:fl aiodificotion by usn^ XPS tneasurementa 
Ijl^t CDtninf to a conclusion regarding the mechanitm 
of lDterfe«» modification. 

Cotteltuiioi^ 

To v'ioclude, wc syntlwflizcd two lithium-quinoUic 
(omptexw u emitter molecules acxi teetcd tKem in 
OLBDb with DMeOTPD as HTL. device parametere 
^ere ^Bcieoliy optimi««d by a eombinatonal approach 
in A faat mannar. Both Liq and liMeq are efndent 
5,flltt«T tndeculea with good electron injection and 
gjeclioQ tranaport propertlea. The EL emiwion in U 
Qiilnclates i» bathochromically shifted compared to 
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Uwir PL spectra. Ko clwir evidonco ie obwirvtd for 
fiicetplax emiMion from the omitUr/HTL interface On 
comparisan wth AU^* *e elHcieiKifta of Li quirwlate 
devicef art low. Virry thin interface iayera of hlhium 
complexes improved the device pertbrmancc of Uie two- 
lojer DMeOTPtVAlqa davlce oonfiid«rably. The improve- 
ment with lithium complexes afi Interface layers is 
similar to that oT a dleJectrtc Ukc UF, which »ua««tr> 
that the concept of tjunnclinif injection thmuKh a thin 
iniulalion layer perhapa may not. he vaiid and the 
concept of dopinit through a reduced tow work function 
metal cjcplains the general improvement observed in- 
dependent of the diemical nature of the interface 
material. 
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